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Objective: Infective endocarditis is frequently caused by oral streptococci, especially Streptococcus sanguis. In this 
group, many strains have recently been reclassified on the basis of new taxonomic schemes. The purpose of this study 
was to classify oral streptococci from patients with infective endocarditis and, further, to assess the importance of 
specific virulence factors for the development of streptococcal endocarditis. 
Methods: Twenty-eight previously identified and 10 new streptococcal isolates from infective endocarditis were 
classified according t o  Kilian et a1 (1989) and compared to  30 streptococcal isolates from the oral cavities of periodontal 
patients without endocarditis. Subsequently, surface hydrophobicity was assessed by hydrophobic interaction 
chromatography, production of extracellular dextran was determined by precipitation, and non-specific proteolytic 
activity was evaluated by determination of hydrolysis of gelatin, and casein-precipitating activity. 
Results: Eight streptococcal species were represented in the endocarditis isolates. Most strains were highly hydrophobic 
and none showed non-specific proteolytic activity. Dextran was produced with similar frequency in endocarditis and 
non-endocarditis isolates. 
Conclusions: The present study showed that infective endocarditis may be caused by a variety of oral streptococcal 
species. The possible virulence factors investigated were found in  the same proportions in  endocarditis and non- 
endocarditis isolates, and thus did not seem to  be crucial for development of endocarditis. 
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INTRODUCTION 
Infective endocarditis is very often caused by viridans 
streptococci of oral origin, which may account for up 
to 50% of isolated strains [ 1 ,'I. Among these isolates, 
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one of the most comnion species is Strcy,tornrcirs s ~ ~ r g i r i s  
13.41. In 1989 a taxonomic study of the viridans 
streptococci divided the species S. surgciis into S. sargiri-c 
sensu stricto and S. prdon i i  IS ] .  Further, this study 
provided amended descriptions of S. rnitis and S. ovalis 
which are also frequent causative agents of infective 
endocarditis. As a consequence of the study, many 
streptococcal strains have been reclassified. The first 
purpose of the present study was to classi5 a collection 
of oral streptococci from cases of infective endocarditis. 
Among the possible virulence factors in oral 
streptococci causing infective endocarditis, most 
attention has been given to adherence properties [6,7]. 
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Emphasis has been put on bacterial interactions with 
extracellular matrix and plasma proteins and, in 
particular, on the synthesis of extracellular polysacchar- 
ides, which has been stated to predict the relative 
tendency of a strain to cause endocarditis [8,9]. The 
second purpose of the present study was to assess the 
suiface hydrophobicity, the production of extracellular 
dextran and the proteolytic activity in streptococcal 
isolates from endocarditis patients and in similar species 
from the oral cavities of patients with adult 
periodontitis but without previous or present infective 
endocarditis. 
MATERIALS AND METHODS 
Bacteria: 
Group I 
This group consisted of 28 strains of viridans 
streptococci isolated from the blood of 28 patients with 
infective endocarditis in three Danish hospitals between 
1988 and 1994. The isolates, which had been repeat- 
edly subcultured and stored at -80°C, were originally 
identified as S. sangtrir (18 strains), S. govdmzii (four 
strains) and non-hemolytic streptococci (six strains). 
Group II 
This group consisted of 10 strains of viridans strepto- 
cocci newly isolated from the blood of 10 patients with 
infective endocarditis. The bacteria were isolated 
between 1993 and 1997 in the same hospitals as group 
I isolates, but in contrast to these they were investigated 
immediately after isolation without prior storage a t  
-80°C. 
Group Ill 
This group consisted of 30 strains of streptococci 
isolated from dental plaque of 30 patients 2 5 0  years of 
age who had not experienced infective endocarditis, 
but who suffered from chronic adult periodontitis, i.e. 
they had at least five teeth with periodontal pockets 
2 5  mm or a comparable radiographic bone loss and 
bleeding on probing. The isolates were obtained as 
follows. From each patient, three samples of dental 
plaque were collected with a curette and pooled in 
1 mL of saline. After 10-fold serial dilution, the 
samples were plated on Mitis salivarius agar (Difco, 
Detroit, MI, USA) and incubated at 37OC under 
anaerobic conditions (70% N2, 20% H2 and 10% CO2) 
for 2 days, followed by 2 days of aerobic incubation. 
After 4 days, bacterial colonies typical of S. sangtris, i.e. 
adherent, smooth, high and firm, were subcultured 
and identified as described above. Only one strain from 
each patient was included. 
Identification 
The isolates were classified according to Kilian et a1 [5] 
using the following criteria: colony morphology on 
Mitis salivarius agar (Difco), Gram-staining, presence of 
catalase, fermentation of sorbitol, mannitol, salicin, 
inulin and amygdalin, production of acetoin and 
dextran, hydrolysis of arginine and esculin, production 
of HzOz on peroxidase medium [lo], presence of 
alkaline phosphatase, P-glucosaminidase and a-L- 
fucosidase using the API ZYM System (bioMCrieus Sa, 
France) and presence of IgAl protease according to 
Kilian and Holmgren [l 11. 
Possible virulence markers 
Two characteristics associated with adherence were 
determined: 
1. Production of extracellular dextran was deter- 
mined by a qualitative method. The isolates were 
grown aerobically for 5-7 days in tryptone (1.4%, 
Difco) containing 0.5% yeast extract, 2% sodium 
acetate, 0.055%1 potassium carbonate and 8.5% 
sucrose (test) or glucose (control). After centri- 
fugation at 5000 rev/min for 30 min, a 10-fold 
dilution of the supernatant was prepared in 10% 
sodium acetate and one part of ethanol was added. 
Precipitation of dextran was read by eye after 
10 min and 3 h [12]. 
2. Surface hydrophobicity was determined by hydro- 
phobic interaction chromatography (HIC). The 
cells of a 24-h brain-heart infusion (BHI) (Difco) 
culture were washed twice in 4 M sodiuni chloride 
buffered with 10 mM sodium phosphate buffer 
and resuspended in the same buffer to an OD of 
1 .O at 470 nm. Three milliliters of this suspension 
was applied on top of a phenyl-Sepharose column 
prepared as follows: 4 mL of phenyl-Sepharose 
CL-4B (Pharmacia Biotech, Uppsala, Sweden) 
was washed intensively with 4 M sodium chloride 
buffer, vortex-mixed and packed into a Pasteur 
pipette plugged with a little glass wool to a height 
of 30 mm and washed with 10 mL of buffer. The 
O D  of the eluate was determined at 470 nni, and 
the hydrophobicity was determined from the 
degree of bacterial adsorption to the Sepharose 
column by comparing the ODs of the bacterial 
suspensions before and after passage through the 
colunin [ 131. The bacteria were characterized 
as either highly hydrophobic, intermediate or 
exhibiting low hydrophobicity when the reduction 
in OD was more than 80%. between 80%) and 
20% or below 20%, respectively. 
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The potential to degrade endocardia1 vegetations [ 141 
was determined by two assays nieasuring non-specific 
proteolytic activity: 
1 .  Hydrolysis of gelatin was determined by the 
presence of liquefaction [ 151. 
2. Casein-precipitating activity was detected by 
using a mediuni containing 1% sodium caseinate 
(Sigma), 1% agar and 0.003% NaN3 in 50 m M  
phosphate buffer, p H  6.2. Sixty niicroliters of a 
non-diluted and ?-fold dilutions of a 34-h BHI 
culture were placed in 6-m~n wells in the medium 
and incubated a t  3OoC for 1 and 4 days. The 
smallest number of cells yielding a zone of 
precipitation was defined as one unit of activity. 
Pvctwtcdh iritcrmcdia ATCC 3561 1 was always 
included as a positive control [16]. 
RESULTS 
Table 1 shows the distribution of species among the 
streptococcal isolates from the three groups. After 
reclassification the previous endocarditis isolates (group 
I) were much niore heterogeneously distributed than 
indicated by the original identification, and represented 
six different species. Similarly, the new endocarditis 
isolates (group 11) belonged to seven different species. 
The isolates from the oral cavity (group 111) comprised 
12 S.  surpris and 18 S. p r d o n i i  isolates. 
Uextran was produced by 19 group I isolates, four 
group I1 isolates and 35 group I11 isolates. Production 
of dextran was found within all bacterial species except 
S. rnitis and '3. arigirzosus. The majority of strains in all 
groups were highly hydrophobic. Three isolates in 
group I showed intermediate hydrophobicity (S. s a r i p i s  
and S. govdoriii), while low hydrophobicity was found 
in only one strain in group I (S. saliiurius) and in one 
in group I1 (S. anginosrrs). None of the strains in the 
three groups demonsti-ated any hydrolysis of gelatin or 
casein-precipitating activity. Table 2 shows the occur- 
rence of virulence factors in S. saripis and S. prdo t i i i .  
The ratio of positive strains in endocarditis isolates to 
positive strains in non-endocarditis isolates was close to 
1 .O for all properties investigated. 
DISCUSSION 
The new identification schemes for viridans strepto- 
cocci developed by Kilian et a1 151 gave a less dominant 
role to S. sarz'quis anlong endocarditis isolates than 
previously registered. The heterogeneous distribution 
of the endocarditis isolates found in the present 
investigation is in accordance with several recent studies 
[4,17,18]. These studies also found that, although S.  
sariguis still seems to be the numerically dominant 
isolate among the oral streptococci, other species such 
as S. mitis, S. ovalis, S. gordonii, S. rriutarir and S. slxliiwiirr 
are also frequently encountered. The control group 
for the determination of the streptococcal virulence 
factors (group 111) consisted of S. sarypis and S.  prdorii i  
isolated from the oral cavities of adult periodontitis 
patients. These patients had not developed endo- 
carditis, though they were likely to have experienced 
numerous episodes of bacteremia of oral origin. Thus, 
dental scaling and extraction has been found to result 
in bacteremia in 70% and 100% of patients, respectively 
1191, and even after self-performed oral hygiene 
procedures and chewing, bacteria can be recovered 
from the blood in up to 50% of cases [20]. 
Two possible virulence factors for development of 
endocarditis associated with adherence were investi- 
gated: surface hydrophobicity and the synthesis of 
Table 1 Classification of streptococcal isolates: group I (previous endocarditis isolates), group I1 (new endocarditis isolates) 
and group I11 (isolates from the oral cavity) 
Endocarditis isolates Non-endocarditi\ isolate\ 
Spccie5 (total number) Group I Group I1 Group 111 
S. s a v p i s  (23) 10 (18)" 1 12 
S. p r d o n i i  (25) 6 (4) 1 18 
S. r7iifi.i (5) 4 (0) 1 
S. undis (-5) 4 (1)) 1 
S. safivorim (I) 3 (01 1 
s. tnltlans (2) - 
S. arLgitiosirs (3) 3 
Non-hemolytic streptococci (1) 1 ((1) 
Total 28 (28) 10 30 
1 
"The number of strains assigned to the respective spec~es according to the prev~ous identification ystern 
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Table 2 Virulence factors of S. sanp i s  and S. gordonii. Ratio of positive endocarditis isolates to non-endocarditis isolates 
Dextran-positive strains High-hydrophobicity strains Proteolytic strains 
Total 
n n n n Ratio E/NEa Ratio E/NE Ratio E/NE 
S. sangnis 23 18 1.1 21 0.8 0 1 .o 
S. gordonii 25 22 1 .o 24 0.9 0 1 .o 
dRatio of positive strains among endocarditis (E) isolates to positive strains among non-endocarditis (NE) isolates 
extracellular dextran. Surface hydrophobicity has been 
reported by some investigators to correlate directly with 
adherence [21], while others were not able to find any 
association [22]. In the present study the majority of 
strains were highly hydrophobic and no distinction 
between endocarltis and non-endocarditis isolates 
could be made (Table 2). A previously reported decrease 
in hydrophobicity of oral streptococci upon repeated 
subculture [23,24] was not confirmed in this study, as 
high hydrophobicity was found in the majority of 
new isolates (group 11 and III), as well as in freezer-stored 
isolates exposed to repeated subculturing (group I). 
The synthesis of extracellular polysaccharides is 
known to play a significant role in streptococcal colon- 
ization of tooth surfaces [25]. A sinlilar mechanism is 
usually supposed to be involved in the adherence of 
streptococci to the endocardium [8,9,26], assuming 
that the organisms are coated with polysaccharide 
when they enter the bloodstream [7]. The emphasis on 
dextran production originates from a clinical study in 
which Parker and Ball analyzed 719 streptococcal 
isolates from systemic infections, including 317 cases of 
endocarditis, received from different UK laboratories 
[27]. By calculating the ratio of endocarditis to non- 
endocarditis isolates, they showed that the four species 
most frequently causing endocarditis (with ratios 23: 1) 
were all dextran producers, while species with a smaller 
ratio were generally not dextran producers. Subse- 
quently, a number of in vitro studies have shown a 
correlation between the capability of bacterial strains to 
produce dextran and adherence to fibrin, platelets and 
cardiac valves or development of endocarditis in animal 
models [28-301. Further, in one study the quantity of 
polysaccharide produced was found to correlate with 
the size of endocardial vegetations in animals [31]. 
Other investigators, however, have not been able to 
demonstrate such a correlation [32,33]. Furthermore, 
in several clinical studies including the study of Parker 
and Ball, almost 50% of streptococcal species isolated 
from endocarditis patients did not produce extracellular 
dextran [37,34]. This is in agreement with the results 
of the present study, in which 40% of the endocarditis 
isolates were not dextran producers. Further, the ratio 
of dextran-positive strains in endocarditis isolates to 
dextran-positive strains in non-endocarditis isolates was 
about 1 .0 (Table 2). Thus, these results do not support 
a significant role of dextran production in the 
pathogenesis of endocarditis. 
Examination of the proteolytic activity was 
included because proteolytic strains of Epzterococcus 
(Strcptococcirs) faecalis have been found to partially 
degrade the endocardial vegetations, causing more 
severe progression of experimental endocarditis in 
rabbits [14]. Oral streptococci have been shown to 
possess various proteolytic enzymes capable of degrad- 
ing, for example, casein and gelatin [35,36], but in the 
present study neither hydrolysis of gelatin nor casein- 
precipitating activity was demonstrated in any of the 
strains. This result is in accordance with a recent study 
which found no casein degradation in a collection of 
oral streptococci [37]. 
The present study showed that infective endo- 
carditis may be caused by a variety of oral streptococcal 
species, although S. sanguis is still the predominant 
isolate. The bacterial properties investigated were found 
with a similar frequency in endocarditis and non- 
endocarditis isolates, and thus do not seem to be crucial 
virulence factors for development of streptococcal 
endocarditis. Further research, preferably including 
more detailed investigations on the molecular bio- 
logical level, including determinations of possible 
genotypic differences among the strains, is needed to 
determine the decisive virulence factors in oral strepto- 
cocci for causing infective endocarditis. 
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